Chapter-3

Lesson-1

| — Chemical Equations

In a chemical reaction, atoms are neither created nor destroyed. Thus,
the total mass of the products will equal the total mass of the reactants.
This is the law of conservation of mass.

B)

Coefficients are the numbers in front of a formula in an equation.
The coefficients tell how many of each species are present.

Subscripts are the numbers that follow each element in a formula
and tell how many atoms of the element are present in the formula.

The coefficient 3=—— 3 C O 5
\

indicates three
molecules of

carbon dioxide. Subscripts 1(implied) and 2 indicate one

carbon atom and two oxygen atoms.

An equation is balanced by determining the coefficients that
provide equal numbers of each type of atom on each side of the
equation. Subscripts should never be changed when balancing
equations.

e Rusting of iron in air:

4 Fe + 3 O, —> 2 Fe03

e Thermal decomposition of potassium chlorate:

2 KCIO3 —> 2 KCI+ 3 O

e Complete combustion of propane:

1 CsHg+ 5 O~ 3 CO2+ 4 H,O



The species in a reaction can be in the solid, liquid, gaseous, or
aqueous state. The symbols (s), (1), (g), and (aq) are used to
indicate the state of each species in the equation.

e Neutralization of vinegar with baking soda:
1 HC3H302ag) + 1 NaHCO35 —
1 NaCzH302g) + 1 H20¢) + 1 COy)
e Reaction of zinc metal and nitric acid:

1 Zng + 2 HNOs@g) = 1 Zn(NOs)2eg) + 1 Ha)

|1 — Patterns of Chemical Reactions

In order to predict the products of a chemical reaction in which the
reactants are given, the reaction type must be recognized. Simple
patterns of chemical reactivity exist and can be used to determine the
reaction type. Combination reactions, decomposition reactions, and
combustion reactions of hydrocarbons and alcohols are three common

reaction types.

Two or more reactants combine to form a single product.
A+B — C

Rusting of iron in air:
4 Fes + 3 Ozqg = 2 FexOgs

Burning of graphite in air:
Ci) + Oz — COyq)

Wetting of lime:
CaO(S) + HzO(|) - C&(OH)Z(s)

Mixing of ammonia and hydrogen chloride fumes:
HC|(g) + NHg(g) - NH4C|(3)



A single reaction breaks apart (often when heated).
C—->A+8B

Heating of potassium chlorate:

2 KCIO3) — 2 KCls) + 3 Ozg)
Heating of limestone:

CaCOsi) > CaOgs) + COzg)
Heating of baking soda:

2 NaHCOj3i) — NaxOgs) + H20(g) + 2 COy(g)

Heating of smelling salts:
(NH4)2COs(5) = NH3() + H20(q) + 2 COx)

A hydrocarbon or alcohol reacts with oxygen to form carbon
dioxide and water.

CxHy + Oz — COgg) + H20(g)

Combustion of propane:
CsHe(g) + 5 Oz(g) — 3 CO2(q) + 4 H20(

Combustion of rubbing alcohol:
2 CH3CH(OH)CHagy + 9 Oz — 6 COzg) + 8 H20(g)

The reactions above are called complete combustion.

Complete combustion occurs when only CO; and H,O are
produced. Complete combustion occurs when the supply
of oxygen is plentiful as in air.

However, when the supply of oxygen is limited, then incomplete
combustion occurs in which some CO and/or some C is produced.
Water is always a product of complete or incomplete combustion.

Incomplete combustion of propane:
CaHs(g) + 4 Ozg) = COz) + 2 CO() + 4 H20(g)



11 — Formula Welights and Percent Weights

Q1.
: FW =1.01 + 35.45 + 16.00 = 52.46

R 1S

The formula weight (FW) of a substance is the sum of the
atomic weights of each atom in its chemical formula.

If the chemical formula is that of a molecule, then the formula
weight is also called the molecular weight (MW).

The percent by mass (percent composition) of each element in
a compound can be determined from its formula.

%oelement = (# of atoms)(atomic weight)
(formula weight of compound)

What is the percent composition by mass of HCIO?

________________

________________

52.46

. Calculate the percent by mass of each element in KNO3?

FW =39.10 + 14.01 + 3x16.00 = 101.11

________________

________________

________________

101.11
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— Avogadro’s Number and the Mole

Q1.
Al:

What do 12.01g C, 32.069 S, & 63.559g Cu have in common?

They all contain the same number of atoms!

This number of atoms is called Avogadro’s number. The
number of atoms present in a sample of an element is equal to
Avogadro's number when the mass of the sample is equal to the
element's gram atomic mass!

Avogadro's number = 6.022x10% per mol [6.022x10% mol™]

The concept of Avogadro's number was known long before the
value of the number was known.

Several remarkable experiments were performed in order to find
the value of Avogadro's number.

- The Electroplating Experiment - To electroplate 1.000g of

solid silver from a solution of a silver salt (Ag*@aq + & = Ag%,))
a certain amount of current (1) is required for a certain amount
of time (t). Since | x t =g (g = charge in coulombs), and since
a single electron has a charge of 1.602x10coulombs, then
the total number of electrons needed to plate a gram Ag can be
found. Since le" is needed to plate one Ag atom, then a simple
ratio can be set up to calculate Avogadro's number of Ag atoms.

- The X-ray Diffraction Experiment - Using x-ray diffraction,
it is possible to determine the pattern of and the distances
between the atoms in a crystal. If the volume of a certain
number of atoms can be determined in cm?, then using density
and atomic mass Avogadro's number of atoms can be found.




e 1 mole =6.022x10% = Avogadro's number

- 1 mole C atoms = 6.022x10% atoms = 12.011 g
- 1 mole H atoms = 6.022x10% atoms = 1.008 g
- 1 mole O atoms = 6.022x10%% atoms = 15.999 g

e The mass of 1 mole of an element is called the element's molar
mass (MM or M).

- The molar mass of carbon is 12.011 g/mol
- The molar mass of hydrogen is 1.008 g/mol
- The molar mass of oxygen is 15.999 g/mol

e The mass of 1 mole of a compound is called the compound's
molar mass (MM or M).

- The molar mass of CsH1206 is 180.156 g/mol
e Molar mass is a conversion unit (# g / 1 mole)
e [molar mass]* is a conversion unit (1 mole / # g)

Q2: What is the mass in grams of 0.746 mole C¢H1206?

A2:0.746 mole x 180.156 g = 134 g CsH120s
1 mole

V - Empirical and Molecular Formulas

Q3: What is the empirical and molecular formula of an unknown
compound whose composition is 85.60% C and 14.40% H by
mass and whose molecular mass is 84.18 g/mol?

A3: 85.60 g C x 1 mole =7.127 mol + 7.127 mol =1.000 - 1
12.01 g ' CH, !

_________

14.40 g H x 1 mole = 14.26 mol =+ 7.127 mol = 2.001 — 2
1.008 g

CH; has a molar mass of 14.03 g/mol

The unknown compound’s molecular mass is 6 times larger.




Q4.

A4:

Q>S:

Ab:

What is the empirical formula of a compound whose composition
IS 81.68% C and 18.32% H by mass?

81.68 g C x 1 mole = 6.801 mol + 6.801 mol = 1.000
12.01 ¢

18.32 g H x 1 mole = 18.16 mol + 6.801 mol =2.670 -
1.008 g  CoHy |

The decimal 0.670 is approximately %5. The denominator of the
approximate fraction is multiplied by the previous answers.

1.000 x 3=3
2670x3~8

__________

What is the empirical formula of the hydrate washing soda
(Na.COzexH20) if a 2.558 g sample is heated (but not too hot
... why?) to a constant weight of 0.948 g?

If a hydrate is heated to a constant weight, the water will be
driven off and only the salt will remain.

0.948 g Na,CO3 x 1 mole = 0.00894 mol + 0.00894 mol =1
106 g

1.610 g H.O x 1 mole = 0.0893 mol + 0.00894 mol = 10
18.029g :

: What is the empirical formula of a compound that is composed of

1.481 g N and 2.538 g O?

: 1.481 g N x 1 mole = 0.1057 mol + 0.1057 mol = 1.000 x 2 = 2

14.01 ¢
2.538 g O x 1 mole = 0.1586 mol =+ 0.1057 mol =1.500 x 2 =3

16.00 g

__________
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: What is the empirical formula of a 27.80 g compound that is

composed of 4.14 g of phosphorus and chlorine?

. The mass of chlorine can be found using the law of conservation

of mass:
27.80 g compound - 4.14 g phosphorus = 23.66 g chlorine

4,14 g P x 1 mole = 0.134 mol =+ 0.134 mol = 1.00
30.97¢

23.66 g Cl x 1 mole = 0.667 mol + 0.134 mol = 4.981 = 5
35.45¢

__________

: What is the empirical formula of the hydrate AuCl;exH0 if a

15.000 g sample is heated to a constant weight of 13.407 g?

: 13.407 g AuCls x 1 mole =0.044201 mol = 0.044201 mol =1
303.32 ¢
1.593 g H,O x 1 mole = 0.08840 mol + 0.044201 mol = 2
18.02 ¢
AUCl;02H,0 |

______________________

: What are the empirical and molecular formulas of a compound

that is composed of 30.450% N and 69.550 % O by mass and
whose molecular mass is 46.010 g/mol?

: 30.450 g N x 1 mole =2.1734 mol =+ 2.1734 mol = 1.000
14.01 ¢

69.550 g O x 1 mole = 4.3469 mol + 2.1734 mol = 2.000
16.00 g
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— Determining Formulas by Combustion Analysis

The empirical and molecular formulas of many organic compounds
(CxHyO; or CxHy) can be determined through combustion analysis.

01

=

&

: 1.000 g of an organic acid burns to give 1.466 g of CO, and
0.6001 g H,O. What is the empirical formula of the acid?

: CxHyO; + O, —» CO2+ H>O «—unbalanced skeleton equation

All the C in the CO» & all the H in the H-O started in the mystery acid!

__________________

44.01gCO2 1molCO2; 1molC

18.02g H, O 1molHO 1 molH

The mass of oxygen is found using the Law of Conservation of Mass.

The empirical formula can now be determined.

0.4001 g C x 1 mole = 0.03331 mol + 0.0333 mol = 1.00
1201 ¢

1.01g

0.533 g O x 1 mole = 0.0333 mol = 0.0333 mol = 1.00
16.00 g

To determine the molecular formula of a compound from its empirical
formula, the molecular mass of the compound must be known.

__________________

_________________
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: What is the molecular formula for the organic acid whose

empirical formula was determined to be CH>O and whose
molecular mass is 60.0 g/mol?

. If the empirical formula’s mass is 30.0 g/mol, and the molecular

formula’s mass is 60.0 g/mol (double), then the molecular
formulais ... . :

_______________

: 0.476 g of a hydrocarbon burns to give some CO; and 0.428 g

of H,O. What are the empirical and molecular formulas of the
hydrocarbon if its molar mass is 120 g/mol?

: CxHy + O —» CO2 + H,O <«—unbalanced skeleton equation

All the H in the H-O started in the mystery hydrocarbon!

18.02g H,O 1molHO 1 molH

The mass of carbon is found using the Law of Conservation of Mass.

The empirical formula can now be determined.

0.428 g C x 1 mole = 0.0356 mol + 0.0356 mol = 1.00x3=3
1201 ¢

0.0480 g H x 1 mole = 0.0475 mol + 0.0356 mol = 1.32x3=4
1.01g

___________

The molecular formula can now be determined.

CsHa has a mass of 40 g/mol

_________________



: In a combustion analysis of a 0.1665 g sample of aspartame, it

was found that 0.3180 g of CO,, 0.0840 g of H,O, and 0.0290 ¢
of N2 were produced. Determine the empirical and molecular
formulas of aspartame, if its molar mass is 294 g/mol?

. CwHxOyN; + O, — CO2 + H,0 + N2 «— unbalanced skeleton equation

All the C in the CO> & all the H in the H2O started in the aspartame!

44.01gCO2 1molCO2 1molC

___________________

The mass of oxygen is found using the Law of Conservation of Mass.

mass of oxygen = 0.1665 g — [0.08678 g + 0.00942 g + 0.0290 g]

__________________

__________________

The empirical and molecular formulas can now be determined.

0.08678 g C x 1 mole = 0.007226 mol + 0.00104 mol = 6.95 = 7
12.01¢g

0.00942 g H x 1 mole = 0.00933 mol + 0.00104 mol =8.97 =9
1.01¢g

0.0413 g O x 1 mole = 0.00258 mol + 0.00104 mol =2.48=2.5
16.00 g

0.0290 g N2 x 1 mole = 0.00104 mol + 0.00104 mol =1.00 =1
28.02 g

The empirical formula C14H1s0sN> has a mass of 294 g/mol

The molecular formula of aspartame is C14H1sOsNo.
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: A 2.612 g sample of a solid copper oxide - CuxOy(s), when heated

in a stream of hydrogen gas, yielded solid copper and 0.592 g of
water. What was the empirical formula of the copper oxide?

. CuxOy(s) + Hog) = Cugs) + H20(g) «— unbalanced skeleton equation

All the O in the H>0O started in the copper oxide!

18.02gH,O 1molH,O 1mol O

The mass of copper is found using the Law of Conservation of Mass.

__________________

__________________

The empirical formula can now be determined.

2.085 g Cu x _1 mole = 0.03281 mol + 0.03281 mol = 1.000
63.55¢

0.527 g O x 1 mole =0.0329 mol + 0.03281 mol = 1.00
16.00 g

: What is the IUPAC name for the copper oxide formula

determined in question-5?

. copper(ll) oxide

: What is the traditional name for the copper oxide formula

determined in question-5?

. cupric oxide
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V1l — Calculations Based on Chemical Equations

Q1.

Al:

Q2.

A2:

Q3:

A3:

Q4.

A4:

How many moles of CO; are produced when 1.65 mole of CsHs
[propane] burns in air?

CsHg(g) + 5 Oz = 3 CO2g) + 4 H2O)

1 mol CsHsg

How many moles of oxygen gas are produced when 27.5 g
KCIOs; is heated and decomposes?

2 KCIO3¢) — 2 KCls) + 3 Oz

122.6 g 2 mol KCIO;

At STP, how many liters of CO, would be released if 454 g
NaHCOs; [baking soda] reacts with excess HC,H3O- [vinegar]?

HC2H302(aq) + NaHCO35) — NaCoH3z02aqg) + H20(y + COx(g)

454 g NaHCO3 x 1 mol x _1mol CO, %2241 =121 L CO, |
84.0g 1 mol NaHCO; 1 mol

How many grams of CaO [lime] would be needed to neutralize
95000.0 L of 0.00100 M H2S0O4 [“acid rain”]? FYI... M = mol/L

CaOgs) + H2SO4agq — CaS0Os + H20

___________

~1LS 1 mol H2SO4 1 mol



Q5: How many grams of solid Zn would be needed to reduce 27.0 g
Ag from a concentrated AgNOs3 solution?

&: Zn(s) + 2 AgN03(aq) - Zn(NOg)z(s) + 2 Ag

e Ordinarily, reactants are not present in the exact ratio required
for a reaction. Instead, one reactant is in excess; some of it is
left when the reaction is over. The other reactant, called the
limiting reactant, is completely converted to give the theoretical
yield of product.

e The theoretical yield of a product in a reaction is
stoichiometrically determined from the limiting reactant.

e To calculate which reactant is the limiting reactant, determine
which reactant will "run out" first during the reaction.

QG6: 1f 25.0g Ag reacts with 25.0g I, according to produce Aglys), then
(a) determine the limiting reactant and
(b) calculate the theoretical yield of Agl
(c) determine how much original reactant remains unreacted
AG: 2 Age) + 1 Iy — 2 Agls)
(a) Calculate the number of moles of both reactants ...
25.0 g Ag x 1 mole = 0.232 mole Ag +2 mole = 0.116

107.9¢ >coefficients
25.0g 1> x 1 mole = 0.0985 mole I, + 1 mole = 0.0985
253.8 g I is the limiting reactant.

—————————————————————

(b) 0.0985 mole I, x 2 mole Agl x 234.8 g =i 46.3 g Ag|
1molel, 1mole T

(c) 0.0985 mole I, x 2 mole Ag x 107.9 g = 21.3 g Ag used up
1molel, 1mole




Q7:0.0403 g Mg reacts with 10.0 mL of 3.00 M HCl 4.
Mg + 2 HCI — MgCl; + H;

(a) Determine which reactant is the limiting reagent.
(b) Calculate (at STP) the theoretical yield (in mL) of the
gaseous product.

=

:(@)10.0mIHCIx 1L x 3.00mol = 0.0300 mol =+ 2mol =0.0150

10° mL 1L Mg is the limiting reactant.

0.0403 g Mg x 1 mole = 0.00166 mol +1mol = 0.00166
24.3 ¢

1 mol Mg 1 mol

08:45.0 g C;Hs & 48.0 g O are mixed and then ignited. The reaction
that occursis 2 CoHg + 7 O — 4 CO + 6 H20. (incomplete combustion)
(a) Determine which reactant is the limiting reagent.
(b) Explain the clue to the identity of the limiting reagent.
(c) Calculate of theoretical yield (in grams) of water.

A8: (a) 45.0 g C2Hs x1 mol + 2 moles = 0.750

3009 O is the limiting reactant!
48.0 g O2 x1 mol +7 moles =0.214
320 g

(b) The fact that carbon monoxide is a product instead of carbon
dioxide indicates that O; is the limiting reagent!

(c) 48.09 Oz x L mol x 6 molH,0 x 18.0g =:23.1g H.0 |
320g 7molO; 1mol T

09: 0.250 g ZnCl; is added to a 15.0 mL AgNOs (0.150 M) solution.
(a) Write the balanced equation for the reaction.
(b) Determine which reactant is the limiting reagent.
(c) Calculate the theoretical yield (in grams) of the precipitate.



A9: (a) ZnClzaq) + 2 AGNO3@aq) — Zn(NOs)z(g) + 2 AgCly)
(b) 0.250 g ZnCl; x 1mol ZnCl; = 0.00183 mol + 1 mol = 0.00183

136.3 ¢ AgNOs limits the reaction!
0.0150L x 0.150mol AgNO3 = 0.00225 mol =2 mol = 0.00113
1L

2molAgNO3z 1 mol
e The actual yield may be less than the theoretical yield.

% Yield = Actual Yield x 100
Theoretical Yield

Q10: Suppose the actual yield of H, in question-7 was 30.0 mL.
What was the percent yield?
A10: % Yield = 30.0 mL H, x 100 ={80.6%
37.2mLH,
Q11: Suppose the actual yield of H,O in question-8 was 20.0 g.
What was the percent yield?
Al1: % Yield = 20.0 g H,0 x 100 = 86.6% |
23.1 g H.0
Q12: Suppose the % yield of Ag in question-5 was 77.0%. How
many grams of Zn would be needed to still produce 27.0 g Ag?
A12: 77.0% = 27.0gAg x 100 — X =|35.1 g of theoretical Ag '
XgAg T

___________________________

___________________________

108g 2molAg 1 mol



